Wasques, et al.; Intestinal mucinous adenocarcinoma with metastases to epididymis, testis and tunica albuginea in a dog. Braz J Vet Pathol, 2017, 10(3), 124 -131 DOI: 10.24070/bjvp.1983 Abstract A case of intestinal mucinous adenocarcinoma with metastasis to gonadal tissue is reported. A 13-year-old, male, poodle dog presented with intestinal and peritoneal masses, as well as infiltrative masses in testicular tunics. Samples were biopsied and submitted for histopathological analysis. Microscopically, intestinal lesion consisted of an adenocarcinoma (mucinous type), with infiltration of muscular layers and mesenteric adipose tissue. In gonadal tissue, there was neoplastic infiltration of epididymis and tunica albuginea (with a predominantly tubular pattern), and testicular parenchyma (with a predominantly signet-ring cell pattern). Immunohistochemistry was positive for CDX2 and pancytokeratin, and negative for vimentin, supporting the diagnosis of intestinal mucinous adenocarcinoma with metastases to epididymis, testis and tunica albuginea.
Introduction
Intestinal adenocarcinoma is one of the most common malignant tumors in canine gastrointestinal tract, together with lymphoma and sarcomas (leiomyosarcomas and gastrointestinal stromal tumors) (14, 27) . It presents generally with a high level of intestinal wall infiltration at the time of diagnosis, often with lymph node metastases, rendering a poor prognosis to the condition (25). An exception might be pointed out in cases of colorectal adenocarcinomas, which have a more insidious progression and longer survival rates (5) . Diagnosis is generally made by histopathology, but immunohistochemistry with CDX-2 is an useful adjunct tool in equivocal cases, since it is an important specific marker of intestinal adenocarcinomas in humans, and has also shown immunopositivity in gastric and colorectal adenocarcinomas in dogs (10, 39) .
Tumors in gonadal tissue are frequent in male dogs, almost exclusively affecting testis. These include Sertoli cell tumor, seminoma, interstitial cell tumor, mixed tumors, and, rarely, teratoma, gonadoblastoma, adenocarcinoma of rete testis, schwannoma and leiomyoma (17, 29) . Although hyperplastic changes in epididymal epithelium are commonly noted (intraepithelial lumina and intraepithelial cysts), neoplastic disease is rarely reported (21) . Mesothelioma is a rare tumor that may arise in tunica vaginalis testis (7, 38) . Metastastic neoplasia affecting male gonadal tissue are rarely reported, and seems to be a rare or underdiagnosed event (1, 22, 35) .
We report a case of intestinal infiltrative mucinous adenocarcinoma in a dog, with metastases to testis, epididymis and tunica albuginea, diagnosed by histopathology and supported by immunohistochemistry.
Case report
A 13-year-old, intact, male poodle dog presented with chronic emesis and weight loss, with intestinal and peritoneal masses, as well as infiltrative masses in testicular tunics detected on ultrasound. There were nodular lesions throughout intestine, with significant luminal stenosis; a solid and irregular mass in peritoneum; and an infiltrative testicular lesion. Enterectomy and orchiectomy were performed, and two fragments from intestinal lesion and one testicle were submitted in 10% buffered formalin for histopathological analysis. Samples were routinely processed, sectioned at 5 µm, and stained with hematoxylin and eosin. Periodic acid-Schiff (PAS) and alcian blue special stains were also performed to evaluate mucin. For immunohistochemistry, after deparaffinization and hydration, antigen retrieval was carried on with citrate buffer 10 mM pH 6.0 in a pressure cooker for 3 minutes at 120ºC. Endogenous peroxidase was blocked with 6% hydrogen peroxide. Primary antibodies were incubated for 30 minutes at 37ºC, followed by overnight incubation (18 hours) at 4ºC. An extra slide set was incubated with PBS (pH 7.4), with 1% bovine serum albumin and 0.1% NaN3, instead of primary antibody, as a control for nonspecific binding of secondary antibody. Human small intestine was used as positive tissue control, and human lymph node and tonsil were used as negative tissue controls. After incubation with postprimary (Post Primary, Max NovoLink Polymer Detection System, Novocastra, UK) for 30 min at 37°C, signal amplification with NovoLink (Novocastra) peroxidase short polymer system was carried on for 30 minutes at 37ºC. Development with 3,3'-diaminobenzidine 60 mg/mL (Sigma, St Louis M.O. Missouri, USA) on PBS pH 7.4 for 3 minutes at 37ºC was followed by counterstaining with Harris hematoxylin for 20 seconds at room temperature, dehydration and slide mounting with synthetic resin (Entellan Merck Millipore, Darmastadt, Germany). . For CDX2, replacement of primary antibody with rabbit IgG (1:500 dilution) was used as negative primary antibody control. Since pancytokeratin and vimentin reactions were done at the same dilution (1:2000) , with antibodies from the same isotype and derived from the same species, and with different expected staining sites, each reaction was used as a negative antibody control for the other.
Grossly, intestinal samples submitted consisted of two tissue fragments, measuring about 2.5 x 1.5 x 2.3 cm, with smooth and whitish surface. These samples consisted partially of mesenteric adipose tissue and partially of a solid mural lesion, and mucosal surface was not detected. A testicle was also submitted, measuring about 2.5 cm in diameter, with a white nodule in the parenchyma, measuring 1.5 cm in diameter.
Microscopically, the sample from the intestinal mass lesion consisted of double layered smooth muscle tissue (consistent with intestinal muscle layers), extensively infiltrated by an epithelial cell population, arranged in tubular or microcystic structures, and less frequently as small nests or isolated cells, surrounded by marked fibrous reaction (Fig. 1A) . There was frequently marked mucoid luminal secretion by neoplastic cells in tubular and cystic structures. Neoplastic cells had oval or irregular nuclei, with small prominent nucleoli, moderate anisokaryosis, and moderate amount of acidophilic cytoplasm. Rare mitotic figures were noted (0 to 1 mitotic figure per 400x high-power field). Most of the lesion consisted of cell-poor extravasated mucoid content amidst smooth muscle tissue. In some areas, neoplastic cells exhibited a signet-ring cell aspect, with peripheralized nuclei, and round mucoid-rich cytoplasm. There were focally extensive areas of infiltration of mesenteric adipose tissue by neoplastic tissue. The extra and intracellular material was PAS-positive and alcianophilic in special stains (Figs. 1D and 1G). Typical intestinal mucosa lining was not present in this sample
Samples from gonadal tissue showed extensive areas of neoplastic infiltration of epithelial cells in tunica albuginea and epididymal interstitium, predominantly with tubular to microcystic pattern, forming small nests (Figs. 1B and 2). In testicular parenchyma, there was diffuse infiltration of the interstitium by neoplastic cells, mostly with signet-ring cell morphology, and less often by tubular structures, intervening hypoplastic seminiferous tubules. There was mild effacement of testicular parenchyma, and the infiltrate mimicked the distribution of testicular interstitial cells (Fig. 1C) . Mucoid material was also present intracellularly and in the lumen of tubular and microcystic structures, and were also positively stained by PAS and alcian blue special stains (Figs. 1E, 1F, 1H and 1I). Aside from malignant infiltration, two welldemarcated interstitial cell tumors without atypia were also present in testicular parenchyma.
At immunohistochemistry, neoplastic cells from adenocarcinoma showed a strong positive nuclear immunostaining for CDX2 (Figs. 1J, 1K and 1L), and strong membranous staining for AE1/AE3 (Fig. 3 ), both at intestinal and gonadal samples. Vimentin was negative in epithelial cells from adenocarcinoma, and positive in leydigomas, with positive internal control (vascular smooth muscle layer).
In a telephone call with the referring veterinarian, we were communicated that the animal died soon after surgery, but necropsy was not authorized by pet owners. 
Discussion
Adenocarcinoma is one of the most common intestinal neoplasms in dogs, and comprises 20% to 53% of intestinal tumors, and 37 to 55% of intestinal malignancies (14, 27) . It carries a poor prognosis, and due to lack of specific clinical signs and late diagnosis, evidence of nodal or angiolymphatic invasion is noted in 52% and visceral metastases in 38% of cases at the time of diagnosis (25). Median survival after curative intent surgery has been reported to be 233 days (25).
Intestinal carcinomas may be classified in several distinct histological subtypes, based on the most predominant feature present. These subtypes include acinar/tubular adenocarcinoma, papillary adenocarcinoma, mucinous adenocarcinoma, signet-ring cell carcinoma, undifferentiated (solid) carcinoma and adenosquamous carcinoma (15) . A prognostic significance of these different subtypes of carcinoma has not, however, been proven. The present report is an example of the morphological heterogeneity sometimes present in a neoplasia. In the primary site, morphology was consistent with a mucinous subtype of adenocarcinoma, with lakes of extracelular mucin predominating, with occasional neoplastic tubules intermingled. In gonadal tissues, different patterns were noted: in epididymis and tunica albuginea, tubular pattern predominated, and in testicular parenchyma, although some tubular structures were also noted, there was a predominance of signet-ring cell morphology, with an interstitial and diffuse pattern of infiltration. Interestingly, although neoplastic infiltration was obvious at tunica albuginea and epididymis, testicular infiltration was initially overlooked at scanning magnification, since the pattern of infiltration was reminiscent of interstitial cell hyperplasia. A cautious inspection at higher magnification and association with results from special stains with PAS and alcian blue confirmed the diagnosis of testicular infiltration of adenocarcinoma with a signet-ring predominant cell pattern in this organ.
The level of infiltration of intestinal adenocarcinoma has prognostic significance in humans, 128 with tumors that perforate visceral peritoneum and invade adjacent organs or mesentery having lower survival rates than those restricted to muscularis propria or submucosa (12) . Grade has also residual prognostic significance for tumors that infiltrate beyond muscularis propria, with lowgrade cases showing slightly better survival than highgrade ones (23) . Similar associations have not yet been defined in veterinary literature. In the present case, the extensive areas of infiltration of mesenteric adipose tissue by neoplastic tissue were consistent with a neoplasia in an advanced stage and was expected to have a poor prognosis. Metastasis to gonadal tissues is rarely reported in veterinary literature. Some reported cases in dogs include testicular involvement with disseminated epithelioid hemangiosarcoma of unknown primary origin, disseminated histiocytic sarcoma and immunoblastic lymphoma (1, 22, 35) . It is not known whether metastatic tumors to gonadal tissue are a rare or underreported occurrence in animals, and additional studies with a systematic evaluation of gonadal tissues in patients with disseminated neoplasia are needed to clarify this issue. In humans, metastatic lesions are reported to represent 1,6% to 7% of testicular tumors, with the most common origin being prostate carcinoma, and less common primary sites being renal cell carcinoma, transitional cell carcinoma (bladder and renal pelvis), seminal vesicle adenocarcinoma, lung adenocarcinoma, small cell carcinoma of the esophagus, colonic adenocarcinomas and carcinoid, melanoma, medulloblastoma, among others, and some are diagnosed as metastatic cancer of unknown primary site (11, 18, 37) . We could not find reports of metastatic intestinal adenocarcinoma in gonadal tissue in veterinary literature, but this event is rarely reported in humans, with some of reported cases including colon adenocarcinoma metastatic to epididymis, occult gastrointestinal adenocarcinoma metastatic to testis, and cecum mucinous adenocarcinoma metastatic to tunica vaginalis testis (13, 32, 33) . Some proposed routes by which colorectal carcinoma metastasize to testis include retrograde venous extension or embolism, retrograde lymphatic extension, arterial embolization, direct tumor invasion and retrograde spermiduct extension (13, 33) . In the present report, a possible route for infiltration of gonadal tissues by neoplastic cells was by direct extension from primary site, since there was proven infiltration of neoplasia in visceral peritoneum and mesentery in the sample of the mass lesion, and there was also significant infiltration of tunica albuginea. Unfortunately, a necropsy could not be performed, and additional lesions that could offer clues to the mechanism of metastasis (e.g.: infiltration of inguinal canal, metastasis to other sites) could not be investigated.
129
An important differential diagnosis considered for this lesion was rete testis mucinous adenocarcinoma, as previously reported in one dog (29) . Diagnostic criteria proposed for diagnosis of rete testis adenocarcinoma include: primary mediastinum testis involvement, no extension to parietal tunica, transition from normal rete testis to neoplastic epithelial cells, lack of any other neoplasia, lack of teratoma, and transmission electron microscopic findings (29) . In the present case, a transition from normal rete testis to neoplastic rete testis was not evident, and neoplastic epithelial cells seemed to dissect pre-existing rete testis tissue. Furthermore, there was important involvement of intestinal tissue by the neoplasm, and neoplastic cells exhibited signet-ring cell morphology, occasionally described in gastrointestinal mucinous adenocarcinomas, but not in mucinous rete testis adenocarcinoma (although only one case was described) (29) . Although there are some reports in human literature describing testicular tumors (seminomas, choriocarcinomas and teratomas) metastasizing to gastrointestinal tract, this hypothesis is unlikely in the present case, and the extension route from a primary intestinal tumor through parietal peritoneum and tunica vaginalis seems more plausible (2, 6, 8, 19, 34) . Additionally, despite the fact that the samples examined did not reveal physical contiguity with intestinal mucosa, immunohistochemical expression of CDX-2 further supports the diagnosis of a neoplasia of intestinal origin.
An additional differential diagnosis to be considered in this case was gonadal infiltration of mesothelioma arising in tunica vaginalis. Mesotheliomas are classified as epithelioid (with several subclassifications, such as papillary, tubular, solid, desmoplastic, among others), sarcomatoid, and mixed/biphasic, and the epithelioid subtype was the one considered as a differential. Mucin production by neoplastic cells is a morphological criteria that should make mesothelioma less likely. Although there are some reports in human pathology describing mucin-producing mesothelioma, some even with signet-ring cell morphology, this is a rare event, and has been reported to occur only in approximately 5% of cases (20) . Also, the immunohistochemistry profile of the present case (vimentin-, CDX2+) is not consistent with mesothelioma, which is reported to be vimentin positive in 100% of cases in dogs, and CDX2 negative in 100% of a series of cases of mesotheliomas with signet-ring cell features in humans (24, 28) .
There is a current need for development of additional tools in veterinary pathology for the distinction between a primary and a metastatic tumor. In practice, it is not uncommon for pathologists to come across a case of a neoplastic lesion that is difficult, if not impossible, to classify as primary or metastatic on morphologic grounds alone. Correlation with clinical history and additional tests, such as imaging and endoscopy, is often needed in order to achieve a final diagnosis and, even so, some cases may remain undefined, and are considered metastatic cancer of unknown primary (31) . For some tumors, markers with high specificity to the site of origin are available, such as uroplakin III (UPIII) for transitional cell carcinoma, thyroid transcription factor-1 (TTF-1) for primary lung tumors and CDX2 for gastrointestinal adenocarcinomas, but a comprehensive panel for accurately distinguishing different types of metastatic carcinomas has not been studied (30, 3, 10) . In human pathology, different multiplemarker panels have been studied, including CDX2, PSA, TTF-1, CK7, CK20, among other markers, with reported accuracies varying from 65 to 75% in correctly predicting primary sites from carcinomas at metastatic sites (4, 9, 26) . Nevertheless, metastatic cancer of unknown primary is still reported in human medicine (16) . The more sensitive and specific a marker is, the more useful it is in diagnostic immunopathology. In this setting, CDX2 seems to be a promising tool in veterinary pathology for a more accurate diagnosis of metastatic adenocarcinomas. CDX2 is a transcription factor involved in regulation, proliferation, and differentiation of intestinal epithelial cells during development (10) . Its expression has been reported in gastrointestinal tumors in dogs, with an estimated sensitivity of 84,6% for colorectal adenocarcinomas and 100% for gastric adenocarcinomas at primary sites, with positive staining also being achieved at metastatic site from one single case of metastatic gastric adenocarcinoma (10) .
Mammary gland adenocarcinomas, one hepatocellular carcinoma and renal cell carcinomas were negative for CDX2, suggesting it may also be a specific marker for gastrointestinal adenocarcinomas in dogs (10) . On the other hand, a recent single case report has described expression of CDX2 in an urachal adenocarcinoma (36) . Additional studies are currently needed to test also for specificity (i.e.: ruling out significant CDX2 expressions in other types of neoplasia, such as carcinomas from ovary, pancreas, biliary tree, lung, among others) and validate it as a candidate for a multi-panel used to diagnose primary neoplasia from metastatic sites. In humans, CDX2 has high sensitivity for colon adenocarcinoma, and less so for gastric adenocarcinomas, but it is not entirely specific, since it is also uncommonly to rarely expressed in extraintestinal neoplasia, such as lung, ovarian, pancreatic and biliary tumors (9, 26, 38) . In the present report, we were able to obtain a positive reaction for CDX2 not only at the primary focus, but also in gonadal metastasis, suggesting that CDX2 expression is preserved in metastatic cells. Ideally, additional studies should include samples from metastatic adenocarcinomas of different origins, to be tested blindly with CDX2, as well as with other putative specific markers to evaluate their predictive value in diagnosing sites of origin.
In conclusion, we report a case of intestinal mucinous adenocarcinoma with metastases to testis, epididymis, and tunica albuginea, with the aid of histochemical special stains and immunohistochemistry for pancytokeratin, CDX2 and vimentin. Pathologists should 130 be alerted that, albeit rare, gonadal tissue may be target for metastatic neoplasia. A careful and thoroughly evaluation of the whole slide should always be performed, and special care should be taken not to misinterpret or overlook the interstitial pattern of infiltration noted in testicular parenchyma. A special stain for mucin, such as alcian blue, together with immunohistochemistry may be invaluable in suspected cases. Proper differentiation of metastatic mucinous adenocarcinoma from mucinous adenocarcinoma of rete testis and mesothelioma should be done, when possible.
